A procedure for the preparation and distribution of simulated water specimens for coliform density testing is described. Lyophilization of Escherichia coli in a cooked meat-glucose supporting substrate provides stable samples which may be distributed to participants in a proficiency testing program. Logarithmic conversion of the data allows statistical evaluation of the results for inter-and intralaboratory variation. Comparisons between the most probable number and membrane filter techniques indicate no significant difference in the accuracy of these techniques, although the membrane filter technique is more precise.
Performance evaluation is a tool used to determine whether a laboratory is providing useful and dependable service to the public (11) . The elements of an acceptable evaluation are (i) personnel; (ii) maintenance of records, equipment, and supplies; (iii) internal quality control management; and (iv) external quality control, or proficiency testing.
Proficiency testing has been recommended by the U.S. Department of Health, Education, and Welfare and has been used extensively in the approval of laboratories performing analyses of milk samples (10) . No comparable program has been developed in water bacteriology due to sample instability during distribution, and disagreement on whether the standardized procedures are equivalent in the measurement of bacterial numbers (5, 7, 8) .
The development of a simulated sample is basic to the concept of external evaluation. Freeze-drying (lyophilization) is used extensively in the preservation of bacterial strains (6) , and is used for sample preparation in at least one proficiency test survey (4) .
This study was proposed with three objectives: (i) to demonstrate the suitability of lyophilized cell suspensions for proficiency test specimens, (ii) to assess the effects of distribution on the lyophilized specimens, and (iii) to compare results of analysis between the most probable number, membrane filter, and the standard plate count.
MATERIALS AND METHODS
The supporting substrate used in the simulated water samples was prepared according to the following formulation: (i) 1 g of cooked meat medium (Difco); (ii) 10 ml of distilled water; and (iii) 0.05 g of D-glucose. 255 The mixture was allowed to stand for 10 min, and was then homogenized for 3 min on a Lourdes tissue grinder (model 1A). A commercial blender will give equivalent results. The suspension was dispensed in 3-g aliquots into 1-oz. (about 29 ml) prescription bottles and autoclaved for 10 min at 121 C with slow exhaust.
A stock culture of Escherichia coli exhibiting all the characteristics of a fecal coliform was incubated in brain heart infusion broth (BBL) for 18 h at 35 C. Culture densities were measured at 600 nm with a Coleman (model 6A) spectrophotometer. Sterile brain heart infusion broth was used to set the 100% transmission, and to adjust the 18-h culture to the predetermined density.
The adjusted cultures were serially diluted in buffered dilution water (1) . One milliliter of the diluted culture was added to each bottle of sterile substrate; the mixture was quick-frozen in a bath of dry ice-alcohol and dried according to the manufacturer's instructions (Virtis Freeze-Mobile, model 10-140 BA).
The samples were sent to the participants by airmail, but were not insulated against temperature variations. Before testing, the samples were stored at room temperature in the dark.
On day 7 after lyophilization, the participants reconstituted the samples as follows. Approximately 10 ml of sterile water was pipetted from a 99-ml dilution blank into the bottle containing the freezedried material. This was allowed to stand for 1 The results received were converted to logarithmic format because it is assumed that the logarithms of the bacterial counts are normally distributed (10 (Table 3) .
Comparability of the means of the MPN and MF techniques was tested by the one-way analysis of variance (9) . The variance observed due to technique differences (procedure variance) is divided by the error variance to give the variance ratio (F value). The procedure variance measures the variation of the laboratory means from the overall mean, while the error variance measures the pooled variation of the individual values about each laboratory's mean. In this study (Table 4) , 3 of the 25 evaluations showed an F value indicating significant differences between the means of the two techniques. Two of these differences indicated a significantly higher MPN mean, and the other indicated a higher MF mean. Study of the sources of variation show that the error variance was very small in two of these significant differences, while in the other the procedure variance was large.
The SPC was used as the criterion for accuracy and precision. An analysis of variance tested the difference between the means of the SPC, MPN, and MF techniques ( Table 5) . One of the six comparisons showed a significant difference between the means.
It has been suggested that better estimates of the true density may be obtained by increasing the number of samples at each dilution (2). Table 6 shows two trials where the standard 5-5-5 MPN was compared with an estimate (3) by using 20 tubes at each dilution. Although the precision is higher when the sample size is in- (Table 4) . Two of these differences are due to a low level of variation within the laboratory, while the other shows an increased variance due to technique differences (laboratory 2). Further, Table 5 indicates little difference in accuracy between the MPN, MF, and SPC techniques.
Increasing the sample size of the MPN technique does not significantly alter the accuracy of the standard 5-5-5 technique (Table 6) . Although increased precision (S.D.) is observed with larger samples, the magnitude of increase does not make it practical for use with routine water samples.
No test specimens were distributed at densities approaching the range of coliforms expected in potable water testing. Samples tested in the School of Public Health laboratory indicated there would be no major problems in preparation of such samples. However, the particle size of the supporting substrate interferes with the filtration technique as would a turbid stream sample. Further research will be necessary to determine whether this system would be appropriate for potable water evaluation by membrane filtration.
Mixed microbial flora can be used for the preparation of simulated water samples. Research concerned with mixed enteric bacteria (R. Cada, Health Lab. Sci., in press) demonstrates the feasibility of this technique. Fecal and nonfecal bacteria may be added to the substrate in desired proportions to assess the differential competencies of the analysis techniques.
